This study was carried out to evaluate the inclusion of two rice co-products in pig feed during the starter phase in terms of the nutritional value and digestibility of the co-products, and the effect on plasma parameters, growth performance and economic viability. In Experiment I, a digestibility assay was performed using 30 barrows (14.4 ± 2.4 kg body weight), which were distributed in a completely randomised design. The co-products studied were broken rice (BR) and hominy rice 3/4 (HR) to replace the reference diet (300 g/kg). The estimated digestible energy (DE) and metabolisable energy (ME) were 3,476 and 3,360 kcal/kg for BR and 3,487 and 3,362 kcal/kg for HR, respectively. In Experiment II, 108 pigs (15.5 ± 1.0 to 30.1 ± 1.3 kg body weight) were used, distributed in a randomised block design with a factorial analysis scheme (2 × 4), using two types of rice and four inclusion levels (160, 320, 480, and 640 g/kg), with six replicates and two pigs per experimental unit. Additionally, a control diet was used with no inclusion of the co-product. The daily weight gain increased and the feed:gain (F:G) ratio decreased as HR content of feed increased. An effect of both types of rice on plasma glucose concentration was obtained, in which the pigs fed with BR showed the highest values. The cost of diet per kilogram of body weight gain increased as BR levels in the diet increased. It was observed that inclusion levels of 480 and 640 g/kg of BR differed from the control diet, showing the highest costs. HR and BR can be used in pig feed in the starter phase at up to 640 g/kg without impairing performance.
Introduction
Pig feed represents approximately 60% of production costs. One of the main aspects that influence the cost of production is fluctuation in the price of ingredients. Therefore, some studies have been conducted with new ingredients to determine their nutritional value, the biological response and the economic feasibility of their inclusion in the diets. Agrobusiness co-products have the potential for use in animal feed (VOLPATO et al., 2015) . Thus, the need arises for, and it becomes indispensable to the production of pigs, the study of new foods and nutritional strategies that contribute to the better metabolic functioning of the animals. The use of rice co-products deserves attention because it is a staple cereal grain for human consumption and is cultivated in most tropical and semi-tropical regions (CHE et al., 2012) .
Rice production in Brazil during the 2015/2016 harvest was 11 million tons, with the southern region as the main producer, making Brazil the lead producer among non-Asian countries (FAO, 2017) . Of the total production, about 60-72% of rice grain is used as polished rice for human consumption and the remaining co-products from the rice milling industry, including rice hulls, rice bran, broken rice and rice mill feed (28-35%), may be used in animal feed (SINGH et al., 2013) .
Rice co-products used in animal feed include broken rice (BR) obtained during the screening process, which consists of broken and malformed grains and corresponds to 14% of the total grain (LIMBERGER, 2008) . Broken rice has been used as a great alternative to corn in animal feed (NEPOMUCENO et al, 2011; CHE et al., 2012) due to its similar metabolisable energy and crude protein values. However, BR has a lower fat content and higher starch content than corn (ROSTAGNO et al., 2017) and contains a very low concentration of fibre (CHE et al., 2012) . Some advantages of replacing corn with rice co-products relate to the low levels of mycotoxins in the grain, because corn is affected by high contamination, mainly with aflatoxin (BUTOLO, 2010) .
Rice and corn co-products have shown similar effects on animal performance, but rice may induce a prebiotic effect and increased serum concentrations of IgA, indicating an improved immune response (HENDERSON et al., 2012) , without effect of inclusion of defatted rice bran on concentration of peptide YY (PYY), indicating that the energy status of the pigs was not changed (CASAS; STEIN, 2016a) . In addition, the tendency for decreasing concentrations of TNF-α in plasma observed in pigs fed diets with increasing concentrations of full-fat rice bran (FFRB) indicates a potential for reducing inflammatory responses in the intestine (CASAS; STEIN, 2016a) . The scientific literature contains few studies of rice co-products and the response of blood parameters, such as glucose, triglycerides, cholesterol and plasma urea nitrogen. Gomes et al. (2012) found that the inclusion of up to 200 g/kg of rice bran in pig diets after weaning did not impair performance and was proven to be economically viable. Similar performance was observed when replacing corn with rice in piglet feed (CHE et al., 2012) . Likewise, inclusion of 10% stabilised FFRB improved feed efficiency and increased the concentration of colonic bifidobacteria in weanling piglets, indicating that stabilised FFRB also may have prebiotic properties (HERFEL et al., 2013) . However, depending on the type of soil in which rice is cultivated and the kind of processing to which it is submitted, these co-products may show variability in chemical composition. This prompts the need to conduct studies to determine the nutritional value of such products and their effects on animal performance and production cost.
Therefore, the objective of this experiment was to evaluate the inclusion of two rice co-products in the pig feed during the starter phase, specifically the nutritional value and digestibility of the coproducts, and effects on plasma parameters, growth performance and economic viability.
Materials and Methods

Experimental design, animals, housing and diets
The experiments were carried out at the Swine Experimental Unit at Iguatemi's Farm, which belongs to the Agricultural Sciences Center from Universidade Estadual de Maringá, in the state of Paraná (23° 25'S, 51° 57'O, altitude 550 m).
Two rice co-products (broken rice -BR and hominy rice 3/4 -HC) were used. Both were ground in a hammer mill type, with a 2 mm sieve. To determine the chemical and energy composition of the co-products, analysis was performed in the Food and Animal Nutrition Analysis Laboratory at Universidade Estadual de Maringá, as described by Silva and Queiroz (2002) , and the gross energy values were determined using a adiabatic calorimeter (Parr Instrumen Co. AC720). The amino acid composition of BR and HC co-products was determined in the Laboratory Evonik Industries using NIRs method.
A digestibility assay (Experiment I) was conducted using 30 crossbred barrows of commercial lines, averaging 14.4 ± 2.4 kg body weight and distributed in a completely randomised design. The pigs were individually allotted in metabolism cages, similar to those described by Pekas (1968) .
The co-products (BR and HR) replaced 300 g/ kg of the basal diet (BD) based on dry matter. This resulted in two test diets (DT) and one reference diet (RD), which were based on corn and soybean meal and formulated to meet the requirements proposed by Rostagno et al. (2011) .
The experimental period was 16 days, including 11 days for adaptation to feed and cages and 5 days for total faeces and urine collection. Feeding and total faeces and urine collection were performed as described by Sakomura and Rostagno (2016) . The feed provided in the collection period was calculated according to the average consumption recorded in the adaptation period, based on metabolic weight (kg 0.75 ) of each pig. The total feed intake, determined for each animal, was divided into two meals, with 55% the total in the morning feed (08h30) and 45% in the afternoon feed (14h00), moistened with 20% water to prevent waste, improve acceptance of the feed and reduce dustiness. Water was provided after each meal, based on a proportion of 3 ml of water per g of feed, to prevent excessive consumption of water which could interfere with feed intake.
To mark the beginning and the end of the faeces collection period, 2% of ferric oxide (Fe 2 O 3 ) was added to the feed as a faecal marker. Once a day, faeces were packed in plastic bags and stored in a freezer (-18 °C) . Subsequently, faeces were homogenised, samples dried at 55 °C and ground in a knife type mill (1 mm) for analysis. Urine was collected daily in individual plastic buckets containing 20 ml of HCl solution (1:1). A rate of 20% was removed daily and frozen at -18°C; this was homogenised at the end of the experiment to determine gross energy.
A growth performance study (Experiment II) was conducted, involving 108 pigs (54 barrows and 54 gilts) from a commercial line, averaging 15.5 ± 1.0 kg live weight. These were allotted to eight treatments in a completely randomised block design, with six replications per treatment. Treatments were arranged as a 2 × 4 factorial, two types of broken rice (BR and HR) and four inclusion levels of each rice (160, 320, 480 and 640 g/kg). Additionally, a control diet (0 g/kg) was formulated. Formulated diets were based on corn and soybean meal (Table  1) to meet the requirements proposed by Rostagno et al. (2011) , which were based on a high potential meat deposition in the carcass genotype. 
Sample collection and preparation
The digestibility coefficients of dry matter (DCDM), organic matter (DCOM), gross energy (DCGE), starch (DCS) and the gross energy metabolisability (MCGE) of BR and HR were calculated according to the equations proposed by Matterson et al. (1965) .
The chemical composition and metabolisable energy values of BR and HR (Trial I) were considered in the formulation of diets. In the case of other ingredients (corn and soybean meal), CP, GE, P and Ca were analysed and applied the digestibility coefficients, as recommended by Rostagno et al. (2011) .
At the end of the study, body weight (BW) and feed intake were recorded and average daily gain (ADG), average daily feed intake (ADFI) and feed:gain (F:G) of each experimental unit were calculated.
Blood samples were collected from the cranial vena cava. All blood samples were transferred into glass tubes containing heparin, with the exception of samples for plasma glucose analysis which were transferred into glass tubes containing sodium fluoride + potassium oxalate. After sampling, blood was centrifuged at 3000 × g for 15 min at room temperature to obtain the plasma; this was placed in propylene microtubes and stored (-18 °C) for subsequent analyses. For biochemical analysis (cholesterol, glucose, triglycerides and plasma urea nitrogen -PUN) commercial kits were used (Gold Analisa Diagnóstica Ltda.), and the amount of each blood component was determined by a spectrophotometer (BIOPLUS 2000; Bioplus, Barueri, SP, Brazil) .
Statistical analysis and economic feasibility
To evaluate the economic feasibility of including BR and HR in pig diets, the raw material prices were quoted for the region of Maringá in 2012 as follows: soybean meal, R$ 0.810/kg; corn, R$ 0.417/kg; soybean oil R$ 3.00/kg; dicalcium phosphate, R$ 1,900/kg; limestone, R$ 0.280; L-Lys, R$ 4,920/kg; DL-Met, R$ 9,124/kg; L-Thr, R$ 6,262/kg; vitamintrace mineral premix R$ 7,360/kg; salt R$ 0352/kg; leucomag, R$ 96,000/kg; and BR and HR, R$ 0.840/ kg. The feed cost per kilogram of body weight gain was then calculated, as proposed by Bellaver et al. (1985) , as follows: Yi (R$/kg) = Qi × Pi/ Gi where Yi = feed cost per kg live weight gain in the i-nth treatment; Qi = DFI in the i-nth treatment; Pi = cost of kg of feed in the i-nth treatment and Gi = ADG of i-nth treatment.
The Index of Economic Efficiency (IEE) and the Cost Index (CI) were calculated as proposed by Gomes et al. (1991) , as follows: IEE (%) = MCe/ CTei × 100 and CI (%) = CTei/MCe × 100 where MCe = lower feed cost per kg of GDP observed between treatments and Ctei = cost of treatment i.
To assess the differences between the digestibility coefficients of BR and HR, the data were submitted to analysis of variance, using the following statistical model: Y ij = μ + T i + e ij. The effects of the factors included in the model are represented by: Y ij = digestibility coefficients of the treatment i, of the replication j; μ = constant associated with all observations; T i = effect of food type i, for i = 1; 2 (1 = BR and 2 = HR); and e ij = random error associated with each observation. Additionally, for the performance characteristics, the data were submitted to analysis of variance and the statistical model used was: Y ijkl = μ + B i + N j + F k + NF jk + e ijkl . The effects of the factors included in the model are represented by: Y ijkl = observation of animal 1, within block i, level of inclusion j and type of rice broken k; μ = constant associated with all observations; Bi = effect of block, for i = 1, 2,…..,6; Nj = effect of BR and HR levels, for j = 160, 320, 480 and 640 g/kg; F k = effect of rice type, for k = BR and HR; NF jk = effect of interaction of inclusion levels j and type of broken rice k; e ijkl = random error associated with each observation. For the biochemical blood variables, the initial body weight was used as a covariate. For the economic feasibility, the Dunnett test (SAMPAIO, 1998) was used to compare the feed cost (FC) per kg/BW gain (FC, R$/kg BW) of the test diet (0% broken rice) with each inclusion level of BR and HR. Statistical analysis was performed using the Sistema de Análises Estatísticas e Genéticas -SAEG (Universidade Federal de Viçosa, Viçosa, MG, Brazil).
Results and Discussion
Digestibility assay
No health problems were recorded during the experimental period. The minimum and maximum temperatures recorded during the digestibility assay were 24.05 ± 1.09 °C and 25.21 ± 0.87 °C, respectively.
The chemical composition (Table 2) The amounts of amino acids in BR and HR were similar to those reported by Rostagno et al. (2017) and NRC (2012). However, Brestenský et al. (2013) , using BR in piglet feed, found lower values for Met (1.8 g/kg), higher for Thr (4.4 g/ kg) and similar for Lys (3.0 g/kg). Some of these factors may be related to differences in the amino acid composition of the co-products evaluated, such as culture variety, culture condition and quantity of waste (for example, presence of weed seeds).
In relation to the total carbohydrate content, the values were 896 g/kg for BR and 917 g/kg for HR, of which 890 g/kg were non-fibrous carbohydrates, indicating that the rice grains are characterised by a high starch content and low amount of non-starch polysaccharide. Most of this starch is in free form, facilitating digestibility and utilisation by the pig (CARCIOFI et al., 2008) .
It is also possible that the co-products sometimes include other fractions of rice than just the bran, depending on the quality of the milling process and because of the large variation in the phytate concentration among different rice fractions, and this may influence the digestibility (CASAS; STEIN, 2015) . The gross energy in food is provided by the feed combustion process of the component ingredients; however, some molecules produce more heat (EE and starch) than others (CP and CF). The difference in GE values between BR (3,921 kcal/kg) and HR (3,818 kcal/kg) could be explained by their different EE values. It is known that the EE content of feed is positively correlated with the GE concentration. Therefore, the higher EE value, the higher will be the GE value (VOLPATO et al., 2015) .
According to Casas and Stein (2016a) , variation in the composition of these co-products may be a result of differences among rice mills in the milling process, resulting in varying fractions of the hulls and the starch being included in the rice bran.
Considering the digestibility coefficients and digestible nutrients (Table 3) , we can infer that these co-products are a good source of energy for pigs (15 to 30 kg BW). By comparing the results obtained for DE and ME in this study with the values reported by Rostagno et al. (2017) , there were lower values for both co-products (3,572 and 3,489 kcal/kg, respectively). High ME:DE ratios are due to the high metabolism of co-products, which translates into a low excretion rate via urine. Menoyo et al. (2011) observed high values for DCOM (86%), DCS (90%) and DCGE (84%) when evaluating the digestibility of rice bran for piglets. In addition, the authors found that starch digestibility was better for rice bran than for corn. The higher digestibility values for rice co-products can be explained by the different starch content of the grains; the greater starch availability in rice grain than in corn grain, together with the smaller size of the rice grain, allows greater activity by the digestive enzymes (SVIHUS et al., 2005) .
Rice is characterised by a high starch content and low fibre content; therefore, it can have a major impact on the digestibility of dietary nutrients (CHE et al., 2012) .
Growth performance
An interaction was demonstrated (P < 0.05) between rice co-products and its inclusion levels (Table 4) , indicating a different effect for each studied co-product. A linear effect (P < 0.05) of HR levels on ADG and F:G was observed. The increase in ADG and improved F:G observed in pigs receiving diets containing HR may be due to the high starch content, since this represented 72% of the co-product composition. The greater G:F observed in pigs fed diets containing FFRB compared with defatted rice bran is also a consequence of the greater metabolisable energy in FFRB compared with DFRB (CASAS; STEIN, 2016b). When we consider the efficiency of starch use, it is an excellent energy source. Van Milgen et al. (2001) determined that the energy efficiency of starch (842 g/kg) and EE (883 g/kg) was higher than the CP (520 g/kg). Table 4 . Average daily feed intake (ADFI), average daily gain (ADG) and gain:feed (F:G) of pigs feeding diets with inclusion levels of rice co-products. It is also possible that because the co-products contain lower levels of soluble non-starch polysaccharides, which decrease the viscosity of digesta, this results in a lower incidence of diarrhoea and lower proliferation of potential harmful bacteria.
Considering the performance variables, we found that rice co-products did not impair performance of pigs. Similar results have been reported by Li et al. (2006) and Nepomuceno et al. (2011) . Replacing corn with rice (0, 500, 750 and 1000 g/kg of BR) in piglet feed (from 0 to 42 days post-weaning), Che et al. (2012) found no differences in animal performance, concluding that BR can replace corn at up to 1000 g/kg of diet. On the other hand, Menoyo et al. (2011) , in an evaluation of BR (Raw, 1000 g/kg) or BR (thermal processing, 1000 g/kg) compared to corn grain in weaned pigs, observed no differences in performance variables. According to Che et al. (2012) , rice can substitute for corn in diets of nursery pigs without detrimental effects on growth performance. Results of previous studies have indicated that rice bran may improve health status of the animal and favours positive results in growth performance.
Blood biochemical parameters
Regarding the blood biochemical parameters (Table 5) , the results showed that the type of rice co-product affected (P<0.05) plasma glucose levels, in which the diet containing BR produced a higher value (6.8%) than the diet containing HR. The values reported are close to the specified range of 65 to 106 mg/dL for glucose (ELITech kits) and specified range of 65 to 99 mg/dL (Gold Analisa Diagnóstica Ltda). For serum parameters of cholesterol, triglycerides and PUN, no effect (P > 0.05) was observed and the lack of difference between treatments indicates that BR and HR did not change plasma concentration of these parameters. Due to efficient homeostatic mechanisms, blood glucose levels do not vary significantly. Thus, the glycemic level is not directly affected by diet due to homeostatic mechanisms, except in animals with advanced malnutrition (GONZÁLEZ; SCHEFFER, 2002). We found no plausible explanation for the higher glucose values with the diet containing BR.
The efficiency of nitrogen utilisation in pigs may be estimated by measuring blood urea nitrogen (BUN). However, the reduction in BUN also indicates that amino acids were better utilised and there was less deamination of amino acids.
Pigs that received BR and HR in the diet at up to 640 g/kg had higher plasma glucose levels (10.2 and 7.5%, respectively) than the control diet. This may be related to the starch content of co-products, since these have approximately 16% more starch than corn. It is known that the amount and type of starch are among the main factors that affect blood sugar levels (BASSO et al., 2011) .
Considering the plasma glucose levels, the difference between the co-products may be due to the variations in processing and the degree of polishing that occurs, which may alter nutrient concentrations (WALTER et al., 2008) . Another aspect related to BR is the amylose:amylopectin ratio. Starchy products, such as rice, that have a high amylose content have a lower glycaemic response (GODDARD et al., 1984) and this relationship may explain the differences between the rice coproducts.
Economic analysis
The economic analysis showed that FC per kilogram of body weight gain increased linearly (P < 0.05) as BR levels increased (Table 6 ). The Dunnett test showed that levels of BR at 480 and 640 g/kg were different from the control diet and showed the highest FC. However, the feasibility of using BR will depend on the differences in price of the other raw materials used in feed formulation.
In the case of HR, considering the regression analysis, there was no difference in the FC/kg body weight gain (P > 0.05) and HR may be included in the diet at up to 640 g/kg for pigs from 15 to 30 kg body weight. In this sense, replacing corn by processed rice co-products can be economically viable, once they are available. 
Conclusions
The estimated metabolisable energy values of BR and HR were 3,360 and 3,362 kcal/kg, respectively. The co-product HR may be used for pigs from 15 to 30 kg body weight at up to 640 g/kg of diet without changing the cost of the diet. However, its economic feasibility will depend on prices of the ingredients. Inclusion of BR at levels of 480 and 640 g/kg increases the cost per kg body weight gain. The coproducts HR and BR can be used in pig feed during the starter phase at up to 640 g/kg without impairing performance.
